4-Aminopyridine (4AP, 50 μM) induces interictal-and ictal-like discharges in brain slices including parahippocampal areas such as the entorhinal cortex (EC) but the relation between these two types of epileptiform activity remains undifined. Here, by employing field potential recordings in rat EC slices during 4AP application, we found that: (i) interictal events have a wide range of duration (0.4-3.3 s) and interval of occurrence (1.4-84 s); (ii) ictal discharges are either preceded by an isolated "slow" interictal discharge (ISID; duration=1.5±0.1 s, interval of occurrence=33.8±1.8 s) or suddenly initiate from a pattern of frequent polispike interictal discharge (FPID; duration=0.8±0.1 s; interval of occurrence=2.7±0.2 s); and (iii) ISID-triggered ictal events have longer duration (116 ±7.3 s) and interval of occurrence (425.8±42.3 s) than those initiating suddenly during FPID (58.3±7.8 s and 202.1± 21.8 s, respectively). Glutamatergic receptor antagonists abolished ictal discharges in all experiments, markedly reduced FPIDs but did not influence ISIDs. We also discovered that high-frequency oscillations (HFOs, 80-500 Hz) occur more frequently during ISIDs as compared to FPIDs, and mainly coincide with the onset of ISID-triggered ictal discharges. These findings indicate that interictal events may define ictal onset features resembling those seen in vivo in low-voltage fast activity onset seizures. We propose a similar condition to occur in vivo in temporal lobe epileptic patients and animal models.
Introduction
Brain slices maintained in vitro generate electrographic seizure-like events -which may represent the equivalent of ictal phenomena seen in patients and in animal models in vivo -when GABA A receptor mediated inhibition is not fully blocked or even enhanced (see for review Avoli and de Curtis, 2011) . Procedures capable of eliciting these longlasting (ictal-like) epileptiform discharges include decreased Mg 2+ (Köhling et al., 2000; Zhang et al., 2012) or increased K + (Jensen and Yaari, 1997; Traynelis and Dingledine, 1988) in the superfusing medium, bath application of the K + channel blocker 4-aminopyridine (4AP) (Avoli et al., 1993 (Avoli et al., , 1996 Benini et al., 2003; Dzhala and Staley, 2003; Lillis et al., 2012) or combinations of them (Ziburkus et al., 2006) . Studies performed in adult rodent parahippocampal structures have shown that during 4AP application ictal-like (hereafter refered as ictal) discharges recorded from the entorhinal cortex (EC), amygdala or insular cortex are shortly preceded (and thus heralded) by an isolated "slow" interictal-like spike (ISIS) similar to those recurring at long intervals between successive ictal discharges (see for review Avoli and de Curtis, 2011) . This type of interictal activity is largely contributed by GABA A receptor signaling, and it is associated with transient increases in [K + ] o (Avoli et al., 1996; Lopantsev and Avoli, 1998b) . However, in some experiments, 4AP induces a different type of epileptiform synchronization in the EC; this pattern is characterized by frequent polispike interictal discharges (FPIDs) that are suddenly interrupted by an ictal event (Lopantsev and Avoli, 1998a) .
Although the in vitro 4AP model has been widely employed to understand the cellular and pharmacological mechanisms underlying ictogenesis (see for review Avoli and de Curtis, 2011) , no detailed information on these different patterns of epileptiform synchronization is available. Therefore, we perfomed here a quantitative analysis of the electrophysiological characteristics of interictal-and ictal-like discharges generated during 4AP application by the EC in brain slices that also included the hippocampus proper. However, since ictogenesis in parahippocampal areas can be controlled by hippocampal output activity (Avoli and de Curtis, 2011; Barbarosie and Avoli, 1997; Benini et al., 2003) , the EC was either functionally or surgically disconnected from the hippocampus to allow ictal discharge generation. In addition, we established the occurrence of high frequency oscillations (HFOs, 80-500 Hz) during these different patterns of interictal and ictal epileptiform activity. HFOs occur in limbic structures such as the EC and hippocampus, and are thought to reflect the activity of dysfunctional neural networks (Bragin et al., 2004 ; see for review Jefferys et al., 2012; Engel and Lopes da Silva, 2012) . Neurobiology of Disease 52 (2013) [168] [169] [170] [171] [172] [173] [174] [175] [176] 
